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PART   Ol'ffi 
PREFACE. 

In  order  to  keep  astride  with  the 
rapid  development    of  engineering   education 
during  the   last   decade,    the  Armour   Institute 
of  ffiechnology  has   deemed   it   necessary  to   e- 
rect   a  nev/   institution  with  equipment   adequate 
to  the  needs   of   a  course    in  modern  engineer- 
ing. 

The   at earn  Engineering  laboratory   on 
which  this   thesis  has  been  written  is    only  one 
of  the   many  Engineering  laboratories   to   be   in- 
stalled  in  the   new  building.    It    is    intended  to 
bring  before  the   student    examples    of  the   vari- 
ous  forms   of  steam  apparatus  used   in  modern 
steam  power   plants   and  to   correlate  the   practic- 
al phase   of   engineering  problems  \  ith  the   under- 
lying theory  learned   in  the   class   rooms.    The    pur- 
pose  of  the  Engineering  laboratories   is   not    to 
furnish  new  and  striking  applications,    as  much 
as   to   explain  in  a  simple   and  brief  way  every 
day  methods   of  design,    construction,    use   and  op- 
eration;   and  to   give   the   student   a  working  knoy;l- 
edge   in  this  branch  of  engineering.        apec- 
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ial  attention  has  been  given  to  siraplioity  of 
operation  and  up  to  dateness  of  the  apparatus 
in  this  laboratory. 

While   the  authors  have   obtained  rauch 
instruction  from  the   preparation  of  the  layout, 
they  realize   its  defects.   Any   information  that 
could  be    incorporated   in  the   work  and  add  to 
its  usefulness  to  the   student   for  whom  it   is   in- 
tended would  be   of   great   value . 

In  the  preparation  of  this   work  the 
authors  have   received  valuable  information  from 
a  large   number  of  manuf actiorers   and   professors 
of  Technical   Schools,   who  have  kindly  and  free- 
ly furnished  drawings   and  data  as   called  upon. 

The  authors  wish  to   express  their  ap- 
preciation and  thanks   to  them  and   especially  to 
the   following  professors  of  the  Mechanical  De- 
partment  at   the  Armour   Institute   of  Technology. 
Prof.   G.P.fiebhardt . 
Prof.   E.S.Libby. 

Hay  10th. 1921.  The   Authors. 
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PART   T'VO. 
METHOD   USED    IE   SECURING  THE   DATA. 

Ixiforination  concerning  the   design  of 
this   laboratory  was   secured   for   the  most   part 
ty  a  study  of  our   ov/n  present   laboratory   and 
also   those   in  institutions    of   a  similar   char- 
acter . 

The  method  used   in  obtaining  the   data 
of  this   problem  in  detail   is   as   follows:   First, 
a  rather  thorough  survey  of  the    recent   litera- 
ture  on  the    subject   was  made.    Second,    a  list    of 
the  experiments  as  now  given   in  the    junior   and 
Senior  year   of  the  Mechanical  -cingineering   course 
at   the  Armour   Institute  was  prepared  and  care- 
fully studied.    Third,    letters  were  v;ritten  to 
about   forty   of  the   leading  Technical   Schools  and 
Universities    in  the  United  States  rec^uesting  in- 
formation on  the    layout    and  design  of  their  lab- 
oratories.  Some   of  the   typical  replies  are   giv- 
en on  the   following  pages.   Fourth,    apreliminary 
layout   was  made   in  v/hich  is   shown  the   apparatus 
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.that  would  probably  be  used,  also  a  general 
layout  of  the  piping  system.  Fifth,  letters 
were  written  to  manufacturers  of  equipment  to 
be  installed  explaining-  their  use,  probable 
size  and  operating  conditions.  From  the  re- 
plies and  literature  received,  together  with 
personal  calls  on  the  manufacturers,  the  equip- 
ment to  be  installed  was  selected. 

Essential  elements  of  typical  re- 
plies from  Educ  tional  Institutions: 

Stevens  Institute  of  i'echnology. 

Regarding  the   Steam  Engineering  lab- 
oratory,  v:e   cannot   be   of  much  assistence  to  you, 
as   our  arrangement   after   twenty  years   service 
has  become    out    of   date.   We   are  hoping  to  build 
and  equip  a  new  laboratory  v/ithin  a  year   and 
will  be   after  the    latest    information  on  oixr  w,'a 
account.    I  am  inclosing  a  few  pages   taken  from 
our    catalogue. 

Carnegie   Institute   of   Technologj^. 

Our  laboratory  plans   and  equipjient 
have  had  a  varied  and   rapid  experience.    I  shall 
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"be   glad  to  point  out  to  you  some  of  those  exper- 
iences and  mistakes. 

case  School  of  Applied  Science. 

I  have  your  letter  of  February  5th. 
and  regret  to  say,  that  we  cannot  furnish  you 
with  any  drawings  or  photographs  of  our  labor- 
atory, for  the  reason  that  it  is  rather  ancient 
and  the  equipment  is  exceedingly  crowded. 
Sheffield  Scientific  School. 
Yale  University. 

I  want  to  say,  that  the  policy  of 
this  laboratory  is  so  different  from  that  of 
others  in  regard  to  the  temperary  installation 
of  equipment  that  no  drawings  or  description 
can  give  an  adequate  idea  of  the  making  of  a 
plan  of  the  laboratory.  It  really  should  be  vis- 
ited to  be  understood. 
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PART  THREE. 
PRELIMINARY  LAYOUT  OP  STEAIi  EKGIlEJ-RIiiG  LABJRilTjRY 

The  iteam  Engineering  laboratory  can  be 
separated  into  four  distinct  parts  according  to 
the  arrangement  of  the  equipment,  and  each  part 
can  be  divided  and  subdivided  according  to  the 
experiments. 

These  parts  and  divisions  are  essential- 
ly as  follows : 

1,  simple   engines. 

A.  Valve   setting. 

1.  Simple   -D   slide  valve   engine. 

2.  Corliss   engine. 

3 .  liar  i  ne  e  ngi  ne  . 

B.  Operation  of  a  steam  engine. 

Simple  piston  valve  engine. 

2.  Modern  comparatively  large    engines, 
and  turbines, 

A.  Counter-flow  engine    experiments. 

1.  Mechanical   efficiencies, 

2.  Water   rate  testing. 

3.  Heat   losses,    etc, 

B.  Unaflow  engine  experiments. 

1.   Comparison  with  other  recipro- 
cating  engine    economy. 
E.   Heat    losses. 

3.  Mechanical  efficiencies. 

4,  Water    rate   testing,   etc. 

C.  Turbines, 

1.  Comparison  with   engine  economy. 

2.  Water   rate  testing. 

3.  Efficiencies. 
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3.  Condensers. 

A.  Leakage  tests. 

B.  Condenser  tosses. 

C.  Vacuum  variations. 

4.  Testing   Instruments. 

A.  Calorimeters. 
1.   Throttling. 
S.    iieparating. 

B.  Calibration   of  gauges. 
1.   Pressure    gauges. 

E.    Yaouum  gauges. 

C.  Calibration  of  thermometers. 

D.  iiteara  indicator  calibration. 

With  this  group  arrangement   of   appar- 
atus  and  knowing  the   experiments  v;hich  come  un- 
der  each  group  the   particular   appax'atus   to  be 
used   in  connection  with  tnem  was  then  selected. 
Hov.ever   in  making   the    selection  it  was  found 
that    a  portion  of  the   apparatus  would  undoubt- 
edly be   duplicated   in  the  Hydraulics   laboratory 
and  to   a  slight   extent   in  the   ^^ir  laboratory. 

After   consulting  the    designers   of  the 
Hv^^au-lics   laboratory,    it   v/as   decide!  to   corre- 
late them,    3ince   the  apparatus   in  the  Air  lab- 
oratory would  only  be  duplicated  to   a  slight   ex- 
tent   in  the  steam  laboratory,    it   was   decided  not 
to    connect    them. 

The   plan  of  putting  the  fi^ydraulics 
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with  the    steam  laboratory  proved  to  be  Yery  sat- 
isfactory.   It  v/as   found  that   some   apparatus  was 
essential  to  the  Hydraulics   laboratory  for   pump- 
ing purposes   could  be   in  the   steam  laboratory 
and   be   actuated  by  steam.   This   same   apparatus 
then  could  be  used  for   certain  experimental   de- 
terminations which  pertained   essentially  to   steam, 
thereby  prevent   duplicating  the    apparatus. 

The   apparatus  which  was  used   in  conjiinc- 
tion  with  the   laboratories   were,    piston  pumps, 
turbine   driven  centrifugal  pumps   and   injectors. 

on  the   following  page   will  l;e   found  the 
preliminary  layout    of  the   dteam  laboratory  as 
originally  designed. 
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PART   FOUR. 
SEIECTIOH   OF  EQUIPMENT. 
TIIE  UlJAi'LOV/  ENGINE. 

THe   advent    of  the   unaflow  engine   and 
the  principles  upon  which  it   was  based  con- 
stituted  an  epoch  in  steam  engine   building, 
oteam  engineering  was   practically  at   a  stand 
still,    as   no   improvements  which  gave   any  sub- 
stantial  gain   in  economy  had  been  made   in 
twenty  years.   Development    in  power   engineer- 
ing see;:.ed  centered   on  internal  combustion  en- 
gines  and  large  condensing   steam  turbines. 

with  the   average   engine   using,   under 
ordinary  non- condensing  conditions  with  sat- 
urated steam,    from  30  to  50  pounds   at    full 
load  and  from  70  to  100  pounds   at   one   quarter 
l^ad  after   a  few  years   of  service   the   arrival 
of  the  unaflow  engine   •  ith  its   steani  rate   of 
under   19  pounds   from  one   quarter  to    full  load 
non-condensing  and  Uiider   14   pounds   at   all  nor- 
mal  loads   condensing  both  without   superheat, 

was 
completely  rev   rsed  the   situation  when   it^real- 

ized  that   the  unusual   economies   guaranteed 
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could  actually  be   obtained. 

Nov/,    unaflow  engines   are  supplanting 
oil  engines,    condensing   and  no-rvcondensing  steam 
turbines   and  all   other  types   of  steam  prime  mov- 
eirs. 

The   unaflow  principle   has   for   its   ob- 
ject  the   elimination  of  one   of  the   greatest    los- 
ses  in  reciprocating  steam  engines,    namely, ini- 
tial condensation. 

With  the   imaflow   engine,   the    steam  en- 
ters the   cylinder    at   the    ends,    after   passing 
through  steam   jacketed  head.,    and   after  cut    off 
and  expansion  have  taken  place,   the  steam  is   ex- 
hausted through  ports   arranged  around  the  center 
of  the  cylinder,    which   are   ujicovered  by  the   pis- 
ton at  the    end  of  the    stroke,    The   stean  has   con- 
sequently a  flow  in  but    one   direction,    hence  the 
derivation  of  the  phrase   "unidirectional   flov/". 
In  the   count BKf low  engine  the    steam 
returns   on  its   path  at  the   end   of   the   stroke   and 
is    exhausted  at  the    same    end   of    the  oylinJ^er   at 
which  it    enters.   By  this  method,    the   cold  expand- 
ed  steam  of  consider^.ble  volume  \7r.shes   the  cylin- 
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der  walls   and  head  during  50  to   75  percent   of 
the    return  stroke,   th' rehy  cooling  them  to 
such  an  extent   that   the   boiler  steam,    when   it 
is   again  admitted,    is    cooled  or  condensed  by 
coming   in  contact  V7ith  the   head  and   clearance 
spaces   of  cylinder  which  have    just   been  c:)oled 
by  the   expanded   exiiauat    steam. 

It    is  this    cooling  effect  that    caus- 
es what   is   termed  "initial   condensation",   which 
is   almost   entirely     ti^/'iminated   in  the  luiaflc?/ 
engine,    where   the   ends   are   kept   hot    and  the   cen- 
ter  or   exhaust    left   cool. 

It  was   to  reiaedy  this   fimdamental  de- 
fect of  the  counter-flow  engine   that   expansion  sta- 
ges were   resorted  to,    as    in  compound  or  triple 
expansion  engines.    Superheating  has   also  been  em- 
ployed to   over   come   the   above  mentioned  difficul- 
ty,  but   superlieat  iiog   cannot   be    effected  without 
some   cost    in  installation  and   operation  a.nd  mucli 
of  the  apparent   gain   in  engine  due   to   superheat- 
ing is   counteracted  by  increased  boiler    efficien- 
cy. 

How  by  avoiding   the   cooling   of  all 
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olearanoe   siixfc-oes   in  the   design  of  the   cylinder 
itself,    it   is   possible   to    obtain  in  a  single    cyl- 
inder as  many   expansions  with  as   good  or    uetter 
economy  as  can  be   obtained   in  aiy   compound,    or 
triple   expansion  engine. 

Therefore   because   of  its   recent   de- 
velopment ,   unusualeconomy  and  high  efficiency, 
the   unaflow  engine    is    very    desirable   for   labor- 
atory  analysis. 

Two   typical  unaflov;  engines  have 
been  selected  for  the   laboratory   and   a  brief  sum- 
mary of  the   specifications   for    each   is    given  on 
the    following  paget;. 

SEECIFICi^.TIoES  OF  "THE  UIJAFLOV;   EiIGlIlE'.' 

The   cylinder   really  consists   of  tv o 
single   acting   cylimlers   set    end  to   en   ,   with  a 
cor.mon  exhaust.      In  operation,    steam  is   admitted 
to  the   cylinder  by  the   double   beat   poppet-valve 
of  special  construction  to    insxire   steam  tightness, 
which   is   lifted  by  a  roller   in  the   sliding  bar 
when  it    comes   in  contract   with  the  lifting  cam 
and   the   valve   is    closed  by  the   spring  dn  top  of 
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the  bonnet  with  lower  end  resting  on  top  of  a  cir- 
cular crosshead  to  v/hich  the  lifting  cam  is  rigid- 
ly bolted. 

The  admission  valves  being  of  the  double 
poppet  type,  v;ith  upper  seat  flexibly, will  always 
remain  tight.  The  construction  of  the  bonnets  and 
detail  of  the  valve  gear  is  very  simple.  The  valves 
are  lifted  in  perfect  alignment  from  their  seats  so 
when  the  engine  is  operating  at  maximum  cut  offs, 
the  valves  and  cams  are  perfectly  noiseless.   The 
valve  stems  operating  in  long  sleeves  made  it  un- 
necessary to  provide  any  other  packing. 

The  piston  is  long  enough  to  keep  the 
central  ports  covered  until  the  exhaust  occurs, 
v/hich  is  nearly  at  the  end  of  the  stroke.  These  cen- 
tral exhaust  ports  open  directly  into  a  central  ex- 
haust belt  encircling  the  cylinder  from  which  di- 
rect communication  is  made  v.lth  the  exhaust  pipe  or 
condenser  connection. 

The  cylinder  heads  are  made  of  hard  close 
grained  iron  of  the  SoXie  mixture  as  the  cylinder  cast- 
ing and  are  annealed  so  that  all  initial  strains  are 
eliminated.  The  heads  contain  the  steam  admission 
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valves,  with  the   steam  port  which   is  very  short 
and  direct,    admitting   the    steam  into  the   cyl- 
inder  as   near   the   center    of   the  end   of  the    pis- 
ton as   possible.   I^his    construction  eliminates 
any  possibility  of  wire  drawing  the   steam  liirau^h 
long  indirect,    or  restricted  ports   and  passages 
after  leaving  the    throttle.    The   heads   are  lagged 
with  magnesia  lagging  of  sufficient   thickness 
to   insure   proper   iinsulation  and  this   is  covered 
with  a  smooth  sheet   metal   casing   secured  to   the 
head   in  a  manner   that   makes   it  unnecessary  to 
disturb   the   magnesia  lagging  when  removing  cyl- 
inder  head. 

Engines   furnished  for  condensing   op- 
eration are   equipped  with  the  automatic   by-pass 
valves,    shown  in  section,   to  prevent   undiie    com- 
pression in  the   cylinder  due   to   loss   of  vacuujn. 
It   will  be  noted  that  the  construction  is   of 
the   simplest   possible    form  and   the   automatic    op- 
eration of  the   by-pass  valves   is   entirely  con- 
trolled by   existing   conditions   in  the    exhaust 
belt   of  the   engine.    These   conditions  being  com- 
municated  from  the    exhaust-belt    of  the    engine 
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Section  Through  Automatic  By-Pass  Valve 


Vertical  Section  I'hrough  Main  Bearing  and  Governor 
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Section  Through  Ailmission  Bonnet 
and   Valve 


Automatic  Governor 


to  the  valve  piston  thro-ugh  the  small  pipe  con- 
nection between  the  exhaust-belt  and  the  piston 
chaiiiber . 

The    improved  Robb-Armstrong-^weet   gov- 
ernor   is    a  perfect   regulating   device.    It    is  car- 
ried  in  a  heavy   flywheel,    is   simple    and  durable 
in  construction  and  staple   in  operation  under 
all   conditions   of  service.    The   split   wheel  has 
planed  points   fitted  together  with   a  tongue   and 
groove   and  secured  by  heavy  bolts   in  rim  an  l hub  . 
The   lubrication  of  the    piston  aiid  cyl- 
inder  are    provided  for   by  a  mechanically   opera- 
ted double-feed  cylinder   lubricator   of  large   ca- 
pacity.  One   feed   is    coniiected  to   the   throttle- 
valve   through  v/hich   a  small  amount   of   oil   is  fed 
to   sufficiently  lubricate   the   valve   stems,    i'he 
other  feed  is  con.iected  to   the   cylinder   and  the 
oil   for   lubricating  the   piston  is   fed   directly 
into  the   cylinder. 

The  main  bearing,    crosshead,    cross- 
head  pin,    cranio:  pin,    rocker-arm  shaft   and  eccen- 
trics are    lubricated  from  the    automc.tic    oiling 
system  which  is    furnished  on  all  engines. 
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SPECIFIGATIOHS   OF   "THE   3KIH1JER   UNIVERSAL 
UMZLOW  EHGIlffi. 

The  auxiliary  exhaust  valves  open  and 
close  under  no  difference  in  pressure  on  either 
side  of  valve.  This,  in  itself,  is  a  novel  feat- 
ure, never  htiving  been  employed  "before  in  steam 
engine  comstruction  and  possesses  some  distinct 
advantages. 

The   easy  conditions   of   operation  of 
these   valves  permit   the   employment   of   a  single 
seated  poppet  valve,    which  requires   less   clear- 
ance  than  a  double-seated  valve  which  v/ould  htive 
been  necessary  if  the  valves  were   to   open  and 
close   against   pressure.    It   allows  the  use   of  an 
extremely   simple   an;'    compact   driving  gear,   upon 
which  there   are  no   strains.     A  spring  of  but   snaH 
tension  is   required.    In  fact    the   valve      has  been 
operated  v/ithout   any   spring  whatever. 

Doiible-beat  poppet    exhaust   valves 
placed  at   the    ends   of  the   cylinder   are   subject   to 
leakage   due  to   the  pitting  action  of  the   warm  con- 
densate  filling  the   exhaust   cavity  when  the   engine 
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Ihe  Skinner  Unaflow  Engine 


is  not    operating.  Moreover,    the    seats   of  these 
valves  must   be   flat,   which  hastens  leakage  by 
the   pitting  action.   This    is   i::ipossible   v/ith  the 
singne-bevelle'-seat   po^Dpet   valve   located   as   it 
is   in  the   "Universal  Unaflow"    construction,    -^'he 
clearance    in  the    auxiliary  exhaust   jorts   is   less 
than  one  percent. 

The    spring   is   telescopically  mount- 
ed arouiid  the  valve   stem,    in  order  tliat  the  en- 
tire  e^chaust    gear   may   be   above   the   floor   and  ac- 
cessible. 

When  operating  condensiiig,    the    aurc- 
iliary  exhaust   valves   are   automatically   disen- 
gaged and  remain  closed  at   all  times  unless   the 
vacuum  shoul.i  break,   whereupon  the   valves   are 
automatically  placed   in  operation  and  the  engine 
therefore  becomes   a  noncondens  ing  unaflow   engine 
again. 

Other  engines  must   be   designed   for 
either    condensing   or  noncondensing   operation  and 
their  economy  under  the  condition  for  which  they 
were   not    designed  v/ill  be  poor.   A  compromise   in 
the   cylinder   ratio   if  a  compound   engine  for   con- 
densing and  noncondensing  operation  will  result 
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in  poor  economy  under   both  conditions. 

Moreover,    so  far   as  the  "Universal 
Unaflow"    engine    is  concerned,    the   chsmge   is 
made   autom  tically,    no  readjustment   of   any- 
kind  being   required, 

The    cross   section  drawing  shows 
the   construction  of  the   patented   auxilif.ry 
exhaust  valve   gear   and   automatic   disengaging 
device. 

A  is   the    shaft   supporting   idler  B, 
Yifhich  is   operated  by  shear   cam  G,   This   cam 
is   operated  by  the    engine  valve   gear  which   is 
connected  to   shaft  D  on  the    outside   of  the   cam 
box. 

When  the   cam  C   raises   the   idler  B, 
the   latter   raises   the  single-beat    exhau.-^t  valve 
the  stem  of  which  projects  within  a  short    dis- 
tance  of  the  idler  B.   '^he   spring  around  the 
valve   stem  has    only    enough  tension  to    insure 
quick  closing  when   operating  at   high  speeds. 
The    shear  cam   is    so   designed  that   there    is 
practically  no   sliding   action  on  the   idler. 
Both  cam  and  idler   are   of  steel   and  are    im- 
.18. 


^i"-; 


iE3Q  3A[E_Y  lsnEijx3  .(jEi(!xnv  uoipag  ssoiQ 


mersed   in  oil. 

The  pocket  E  is  connected  to  the  cen- 
tral exhaust  port  by  means  of  a  small  pipe,  and 
the  function  of  the  spring  in  this  pocket  is  to 
keep  the  idler,  through  its  attached  .shaft,  in 
register  v/ith  the  stem  of  the  valve  and  the  cam 
C   directly  underneath, 

When  the  vaG^^^^m  reaches  a  prede\ter- 
mined  point,  it  overcomes  the  tension  of  the 
spring  in  pocket  E,  and  draws  the  shaft  into 
the  pocket.  This  in  turn  shifts  the  idler  to 
position  B  and  out  of  register  with  cam  G,  so 
that  while  the  cam  still  operated  as  before, 
it   cannot    lift   the   valve. 

Therefore,    the  valve   remains   closed 
at   all  times  when  vacuum  exists   in  the    exhaust 
pipe   and   is   kept   tighily   closed  by  the   pressure 
in  the  cylinder   on  top   of  the  valve,    as    opposed 
to  the   vacuum  on  the   \incler   side    of  valve. 

The    cam  G    is   so*  designed  that   the 
idler  B   is    always   sup^'0rted  by   it,   the   support 
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Cross  Section  Admission  Valve  Gear 


when  the   engine    is  r mining,'  condensing  being  on 
the    idler  part   of  the   cam,    and  no  moveraont    is 
transmitted  to  the    idler.   The   idler   is   there- 
fore  held  at   the    proper   height    so,    that    if  the 
vacuum  fails,   the   spring,    now  asserting   its 
force    in  the    pocliet  E,   will   slide  the    idler  be- 
tween the    lifting   face   ol'  the   cam   and  the   valve 
stem,   whereupon  the    auxiliary  exhn«tSt   valve   be- 
gins  its   functions   and   the    engine    automatically 
becomes   a  noncondensing  engine.   The    auxiliary  ex- 
haust  valves   are    provided  with   labyrinth  or  wat- 
er-groove  packing. 

The   valve  gear   is   capable   of  operating 
at   comparatively  higii    spee  is   and  at   the   same  time 
eliminating  the     side  pull  of  the   cam  against   the 
valve   stem  vrhen  the   valve   is  being  raised.    This 
side   pull  has   caused  annoyance   and  trouble  on 
other  existing  poppet-valve   gears,    and    the   large 
guides  which  are   now  provided   in  those   gea  s   do 
not  prevent    side  wear  and  consequent   lost  motion. 

The  admission  gear  consists  of  one 
rocker  arm,  v/ith  case  hardened  removable  steel 
cams  which  dip  into    the   oil  bath  and  control  the 

.20. 


operation  of  the   valves  by  means   of   forked  lef- 
levers   or   lifters,    on  which  are  mounted  case 
hardened  rollers  hearing  against   the   cams. 

It  will  he   seen  that  the  valves   are 
lifted  v/ithout    imposing   any  side   strains   on  the 
stem.   The   formation  of   the   dam  is   such   that   the 
roller   is   always   in  contact   with  it.    'i^herefore 
the  valve    is    lifted  aiid  seated   on  ietly,    even 
at  high  speeds. 

The   adjustment   of  the  valve,    cam  and 
lifter   is  the  simplest   that   has   ever  been  con- 
structed,  being  made  by   one   set   screw  located 
above  the    lifter.  Adjustments   can  be   made  while 
the   engine   is    in  operation. 

Instead   of  mounting   the   spring  above 
the   valve,    as   it    is   customary,    it    is   telesc  ;ped 
in  the   housing,    but   of  course  not    in  the   steam 
space,    and   presents    a  compact   and  neat    appear- 
ance* 

Labyrinth  or   water-groove  pr.cking 
is  used  which  will  maintain  its   steam-tightness 
without   attention  for  years. 

The  poppet  valve  has  been  adopted 
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for  the  "Universal   Unaflow"    engine   because   for 
high  press\ires   and  superheat,   which   prohibit 
the   use   of  a  sliding  or  rubbing  valve,    the   pop- 
pet valve  provided  the    nearest    approach  to   steam 
tightness   after  years   of  use. 

solid  poppet   valves  vThen  groiuid  for 
a  certain  steam  pressure    and  temperature,   will 
remain  steam  tight   indefinitely,    providing  the 
pressure  <7/7<i/ temperature    is  not    allowed  to  vary, 
but    if    the   pressure   or  temperature   shor.ld  vary 
and   it    is  next  to   impossible   to  prevent  their 
changing,    the   difference   in  the   coefficients   of 
expansion  of  the  tv/o  metals   forming  the   valve 
and    the  seat   in  the   cylinder  will   cause   the   one 
to  exx3' nd  more  than  the    other,    resulting   in  eith- 
er the   upper    or  the- low  r   part, of  the   valve   not 
making  contact   with  its   seat   in  the  cylijjder. 

The   upper   part   of   this  valve   is   not 
rigidly  connected   to  the    lower   part,    but    allov;s 
an  expanding  and  telescor^ic   action  anci   comes   in 
contact   with   its   seat   shortly  before   the   lower 
part,   with  the  result   that  both  seats  make    steam 
tight   contact   irrespective   of  the  difference   in 
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expansion  of  the    cylinder  and  valve  metal, 

THE   CROSS-COIffOUiro  C0F.LIS3 

POPPET   FOUR-V.JLVE  ENGIIIE. 

Wa.en  it  became  apparant   to  engineers 
that  higher  pressure   steam  and  hi^er  temper a- 
fure   steam  were    the  logical  developments,    it   be- 
came  necessary   to   change   and   improve   the    de- 
signs and  construction  of  engines  to  utilise  the 
increased  pre^isure. 

In  America^  England  and  i^rance,    the   Cor- 
liss  engine,   with  its  valve   admirably   suitable  for 
lower   steam  pressure    and   low   rotative   speeds,    v/as 
accepted  as   standard  up  to  recent   years,    but    en- 
gineers  in  Germany,   Austria  and  •iwitr.erland  worked 
on  the  development   of  the    poppet   valve   fifty  years 
ago.   They   foresaw  the  advent    of   higher   steam  press- 
ures  and  temperatures  and  subsequent    events   seem  to 
show  their    judgment   was   right.    In  the    sixties   of 
the   past   century  the    first   poppet  valve   engine   ap- 
peared  on.  the   market.    It  was   designed  by  a  young 
Englishman,   Charles  i3rov/n,    chief  engineer   of  the 
famous  firm  of   Sulr.er  /ros.of   ^>interthur,  dwit;  er- 

land. 
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When  other   prime  povers  threatened  to 
affect  the  iiiarket   for   steam  engines,   when  great- 
er rotative   speeds  were  demanded  to   meet   the    in- 
sistent   Ox-y  for  great  production,    designers  here 
and   everyv/iiere  turned  to   the   poppet   valve   engine, 
v;hich  offered  a  solution.    Therefore   because   of 
the  recent    development   of  corliss   engines   along 
this  line    v.ith   increased   economy,    it   will  he  ad- 
vantageous  to    have   an   engine    of  this  kind   in  the 
laboratory. 

SPECI5'I..1..TI0^IS   OF   HA!IILT01T 
POPPET   FOUR-   V.iVj:   ENGIII3. 

It  was   obvious  that   complic£.ted  valve 
mechanism  and  trip   ge^rs   could  not   be  used  suc- 
cessfully on  high  speed  engines,    for  the   hard  ser- 
vice would   create, exces   ive  wear  t.-at   they  could 

not    siirvive. 

The   poppet  valve   is    operated  by  a  lay 

shaft   running   along  the    side   of  the    engine    driven 
from  the   main  shaft   through  a  drag  crank  and  shaft 
by  means    of  a  pair   of  spiral   gears.        The   drag 
c..-ank  is   self  adjustable   and   prevents   the   unavoid- 
able motion  ,snd   jars   of  the   main  shaft    from  be- 
ing trr-nsf erred  to   the  valve   gears,    which 
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conseq.uently  operate  v/ithout   noise,   v/hich  means 
v;ith  the  rainimiim  of   friction  and  wear. 

The    laj^    shaft    is   placed   in  line  with 
the    exhaust   valves,    the  ■bonnets   of  the   exhaust 
valve  gear  being   provided  with  bearings   to    sup- 
port the   sh;:.ft.   ^he   exhaust  valves  are    opertited 
by  cams   acting  on  anti -friction  rollers,    effect- 
ing a  ra-pid   opening  and   closing,   ^iie   cans   are 
clamped  on  the   shaft    and  can   be   shifted   into 
any  position  to  give   the  desired    release   and  com- 
pression. 

Oscillating  cam  levers   acting  on  rol- 
lers  attached   to   the   valve   spindles   operate   the 
steaa  admission  valves   insuring  ample   and  aiiick 
valve   openings   as  well   as   noiseless    OT)eration 
even  at   the    smallest   cutoffs. 

The    oscillating   levers  for  both  ad- 
mission valves   are    mounted   on  a  single  shaft  T.hich 
receives   its  motion  from  the   eccentric   rod  and  ec- 
centric  mounted  on  the   lay   shaft.    It    is   noteworth- 
y  that   this    arrange.r.ent    of  the  Hamilton  poppet- 
valve   gear   necessitates   the  use   of  but   one  single 
eccentric    and  strap  and   rod  instead   of  the   foii.r 
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eccentrics  usually  provided  in  other  types  of 
poppet  valve  engines. 

The  valves  are  placed  in  a  horizon- 
tal position,  well  supported  by  long  spindles 
and  guides,  '■^^he  valve  spindles  are  carefully 
ground  into  long  bushings  and  provided  with  a 
labyrinth  packing  consisting  of  small  circular 
grooves. 

The  effective  method  of  lubrication 
and  ample  support  prevent  any  bending  stresses 
in  the  spindles  and  minimize  the  possibility  of 
v;ear.  She  horizontal  position  of  the  valves  and 
seats  is  of  distinct  advantage,  for  the  seats 
are  cleaned  during  every  steam  admission  x'e^io"-, 
which  makes  an  accumulation  of  burnt  oil  and  sed- 
iment impossible. 

0£  particular  interest  is  the  detign  of 
the  valve  c&ges  which  contain  the  valve  seats  and 
spindles  and  the  complete  structure  of  the  ports. 
This  is  a  distinct  imioroveineiit  over  the  usual  rib 
design  with  its  large  clearance  surface  and  volume 
and  its  unequr.-l  expansion  when  subjected  to  opera- 
ting t  emp  er  at  ur  e  . 
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The  cage  design  insures  a  perfect 
casting  with  a  reduction  in  clearance  space 
not  obtained  in  any  other  design.  The  v.'hole 
valve  assembly  is  easily  accessible  by  sim- 
ply removing  the  back  covers  withOTit  inter- 
fering with  the  valve   gear. 

The   valve  gear  parts  work  in  a  re- 
movable cover    preventing  the    in  ress   of  dirt, 
and  operate   in  an   oil  bath  through  which  the 
oil  nay  be   circulated  continuously  and  used 
over   and  over   again.  Absence    of  wear,    and   re- 
liability   of  operation  of  the   valve   gear   is 
further   insured  by  this   arrangement. 

The   different   load  conditions   of 
operation  are   Gount  eracted  by  the   use   of  a 
shifting   eccentric  which   operates   the    steam 
valves.  A  slide  block  is   keyed  to  the   sha_t 
and  the    eccentric   arranged  slidablf    on  it, con- 
nected to  and  controlled  by  the    shaft    governor. 
The   eccentric   is    so   shifted  that  the  throv;  in- 
creases  according  to  the   requirements   of  the 
load  while   a  practically     constant   speed   is 
maintained. 
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The  shaft  governor  provides  large  cen- 
trifugal forces  which  make  the  governor  sensitive 
yet  pov/erful  enough  to  v;ithstand  the  reaction  of 
the  valve  gear,  i^he  governor,  perfectly  balanced 
consists  of  two  pendulums  which  by  means  of  toothai 
segments,  shift  a  sleeve  mounted  on  the  shaft. 
This  sleeve,  in  turn  is  connected  to  and  shifts 
the  large  eccentric. 

A  hand  speed  adjustment  permits  a  o't^BXige 
of  speed  up  to  50^^^  while  the  engine  is  in  opera- 
tion. 

A  very  effective  method  of  lubrication 
is  provided  for  the  eocentrics,  eccentric  strap 
and  governor. 

Such  parts  as  cams,  rollers,  pins, bush- 
ings, etc.  in  the  valve  geir  and  governor  are 
made  of  machine  steel  and  case  hardened  in  order 
to  prevent  wear. 

A  metallic  packing  is  provided  for  the 
piston  rod  consisting  of  cast  iron  rings  arranged 
to  follow  the  floating  action  of  the  piston  rod. 
The  packing  effectively  prevents  the  escape  of 
steam  under  all  conditions  of  pressure  and  super- 
he  at . 
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TWO   STASE  AIR   COLIPRESSOR. 

The   Inherent   economy   of  high  pressure 
supei-heated   stearn  has   led   during  recent  years 
to    its   extensive  adoption  and    its   ever-increas- 
ing popularity  as   a  source   of  pov:er. 

Recognizing  the   growing  demand  for   a 
steam  driven  air    compressor  designed   and  con- 
structed to   operate   satisfactory  under  high   pres- 
sures  and  superheat,    certain  important   changes 
have  been  embodied   iii  steam  driven  compressors 
to  meet   these   new  conditions. 

The  "Imperial  A"    compressor   "built  by 
the    Inger soil-Rand  Company   is  an   "all  around  ma- 
chine".    I't   is   moderate    in  first   cost,    low  in  op- 
erating   and   maintenance  charges,    compact    in  de- 
sign,   as  nearly  autom^jtic   as  possible    and  thor- 
oughly reliable    under   whatever   conditions    of  ser- 
vice.     It    is  a  very  suitable  unit   for  laboratory 
analysis. 

SPECIFICATIONS   OF   "IMPERIiil  Z-2" 

DUPLEX   3TEAI.I  DRIVEE  aIR   C  OlIPRE 3 :; Or. . 

The   sensitive   and   quick-acting  reg- 
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ulating  devices  and  the  novel  system  of  lubri- 
cation makes  this  compressor  as  automatic  in  ac- 
tion as  a  machine  of  this  type  can  be.   The  de- 
sign permits  almost  every  possible  combination 
of  driving  and  compressing  elements.  These 
featiures  combined  with  the  large  air  capacity, 
have  made  the  "Imperial"  t;pe  one  of  the  most 
popular  machines  for  all  classes  of  service, 
but  particularly  for  conditions  demanding  great 
capacity  and  perfect  reliability^  combined  T7ith 
minimum  dimensions  ^.nd  automatic  operation, 
"imperial"  compressors  with  lolain 
slide  valves  have  a  fixed  cut  off  whatever  tae 
pressure.  "Imperial"  compressors  ?/ith  Meyer 
adjustable  cut  off  v/hich  is  best  for  the  par- 
ticular pressure  earried. 

The  steam  expansion,  therefore  in 
either  case  is  practically  constant  regard- 
less of  the  speed  and  compound  economy  is  al- 
tvays  practically  maintained  v/hatever  the  load. 
Experience  has  shov/n  that  v/here  these  machin'-s 
can  be  run  condensing,  it  is  well  worth  while 
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to  compound  the    steam  cylinders   on  steam  x^i' as- 
sures  as   low  as   80  pounds  gauge..  Running  non- 
condensing,    however,    90  pounds  gauge  is  6  bout 
the    lov-est    initial  pressiu^e    with  v/hich  com- 
pounded steam  cylinders   can  be  profitably  usod 
Below  these   pressures,    simple    steam  cylinders 
probably  give   as   good   economy  as   can  be   ex- 
pected. 

The   advantage   of  compound  steam  cyl- 
inders  lies   in  the   higher   expansion  thus   se- 
cured.  The   degree   of  expansion   is   determined 
by  the    initial   and   terminal  pressure.    The    ini- 
tial pressure    is,    of  course   fixed  by  the   boil- 
er pressure,    but    the   terminal    pressure   depends 
upon  whether   or  not    a  condenser     is   used,    and 
upon  the   degree   of  vacuiim  obtained.   7/ith  lo?/ 
steam  pressures,    nonconden.ing  compound  steam 
cjrliriders   are   notae^visable . 

The  air    cylinders   of  all  "Imperial" 
compiressors   are   designed   for   maximam  compress- 
ion efficiency.   Barrels   and  heads   are   water- 
;'acketed,    the   latter  being;  hooded   for   the   ad- 
mis  -3ion  of  cool,    clean  air.   Both  inlet    and 

.31. 


discharge  valves   are   in  the    cylinder   heads. 

The  air   intake   valves   are  of  the 
well  known  "Imperial-Corliss"    tyise,    opera- 
ted from  eccentrics   on  the  main  shaft.   These 
valves   a--e    of  unusually  large   diameter  and 
provide   the   shortest   and  most   direct    passage 
for  the    entering   air,    with  the   minimum  of 
clearance.   The   working  pressure   is   evenly  dis- 
trihuted   over   the   entire  valve   surface,    #iich 
is    almost    exactly   a  half  circle   and  this   pres- 
sure  being  always   central,    t  lere    is   no  tend- 
ency to  wear   either   the    edges   or  the  surfaces 
with  v;hich  they   come    in  contact.   The  valve   ad- 
justments  arf-    so  fixed  they   cannot  be   disar- 
ranged by   an   incorapetant   attendant .   The   valve 
movement    is   properly  timed  to   admit,    and  to 
keep  in  a  full  cylinder   of   air   at   each  stroke. 

"Imperial  X"    compressors   are  controlled 
by  an  Air-Ball  governor  which   is   a  combination 
of  reliable   fly -ball   speed  governor  with   a  press- 
ure cylinder   connected  with  the    air  receiver   and 
acting  upon  the   b;:ilance:l  valve   of  the  regulator. 
The   governor   is   driven  by   a  chain  from  the   shaft. 
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Air  End  View  of  a  Small  "Imperial  X-2"£showing  Underneath|Intercooler 


The  "Air-Ball"  Gove 


The   fly-balls   determine    the   maximum  speed  of 
the  machine,   and   if  the    supply   of   air  exceeds 
the    deaand,    thus    inereasixig  the  r  ceiver  pres- 
sure,   the  pressure    element   of  the   combination 
reduces   the    speed  by  throttling  the   stet-:;:  un- 
til normal  air   pressure    is   restored.   '-I^he   ac- 
tion of  this  governor,   v^hile    immediately   ad- 
justable  to   any  pressure  reqtiired,    is  always 
automatic   and  DsLiable   and  both  the    steam  con- 
sumption and   the    air  delivery   are   proportioned 
to  the   requirements   of  the  movement. 

DIRECT   COIUeCTBD  CORLISS   EHGIIIE. 

It    is  often  very  essential  that   a  cur- 
rent  of  constant   voltage  be    supplied  for   certain 
experimental  work  in  the   Electric   laboratories 
and   it    is  often  very  difficult   for   the   engineer 
in  the   power  plant  to    supply   such  a  current   be- 
d...use   of  the   constant  varying   load  conditions   of 
the    school.    So  consequently  a  direct   connected 
unit  wo^ild  for  this  req.son  be   very  desirable   in 
the   laboratory.   The   generator   of  the   unit   cculd 
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also  be  used  as   a  form  of  electric   dynamometer 
and  experimental  tests  be  made   on  the   engine 
part   of  the   ivalt  by  this  method,  ^nd  equipment 
of   this    kind   being  complete   in  itself  having  an 
exciter   switch-panel,   etc,   would  be   very  applic- 
able  for   experimental  work  in  the   electrical  en- 
gineering'  course   and   woxild  give   the   student    a 
working  knowledge   of  the   operation  of  a  small 
steam  pov;er   plant. 

It  would  be  very  desirable   to   have 
a  Corliss  non-releasing  gear  type   of   engine   rep- 
resenting a  different   design  in  steam  engine   con- 
struction in  the  laboratory. 

On  the    following  few  pages   is   given 
in   brief  the   essential   specifications   of  a  non- 
raLeaslng  gear  cor  lis  s   engine  manufactured   by  the 
Ball  Engine  Company. 

SPECIS'ICiiTIOEF   OF   THE  BALL   ITOE- 
EELEASIilG  GEiiR  CORLISS  EEGIIIE. 

The  frame  design  is  such  as  to  give 
the  greatest  strenght  and  rigidity.  Under  the 
heaviest   loads  there    is  no   preceptible   evi- 
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dence   of  strain.   This   is  accomplished  by  a  most 
careful  and  scientific    disposition  of   the   metal, 
as  well  as  by   its  use   in  Unstinted  ciitantity 
wherever  weight    is    of  benefit. 

The   ball  automatic   oiling  system  pro- 
vides a  cool,    clean   supply  of   oil,  which  is   fed 
to   all   principal  bearings   of  the   engine.   Adjust- 
able  sight   feeds   of  liberal    size   are   provided   at 
each  bearing,    and  these   are   piped  together  and 
coupled  to    a  tank  mounted   on  top   of  the    engine 
and  arranged  to    also    act   as   a  filter,    i^he    oil   is 
automat icallj/  returned  from  the   crank  pit   to  the 
filtering   tank  by  a  pump   of  such  design  that    -Lhe 
suction  and   discharge   ports  are    positively   opened 
and   closed  at   the   proper  time.    It    has  no   valves 
and  cannot  be   clogged  by  waste   or   foreign  sub- 
stances,   as    is   possible   with  usual  types    of  pumps. 
It   affords   a  most   reliable  means   of  supplying  oil 
to   the   bearings.   The   advantages    of  ha,ving   an   oil- 
ing system  not   liaole  to   interruption  and  capable 
of  supplying  oil   in  any  quantity  desired,    are   v^ry 
great,    particularly  where  the   service    is  hard  and 
continuous. 
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The   means    empl:yecL  for  carrylj^e  the   end 
of  the    eccentric   rod  and  the   valve   stem  is    often 
a   source    of  considerable   annoyance   after   some    ^/ear 
has   taken  place.    In  this    engine   there    is    a  rocker 
arm  of  novel   design,   v/hich  makes   no   trouble  what- 
ever.   It   has   a  self  aligning  bearings   of  hard  and 
durable   iiaterial,    and   these   bearings  run  submerged 
in  a  bath  of   oil.      In  consequence   they  re-jiire   no 
attention  and  while   adjustments   are   i^rovided,    they 
are   not   iieeded  for  years. 

Neat   and  substantial  reduci.;g  motions 
for  taking   indicator  cars   are   provided  vith  these 
engines,   when   ordered,    i'hey  are   so  designed  ti^at 
it    is   not    necessary   to  leave   off  the   side  plates 
on  the   engine  when  using  them.    'I^he-y  give   a  cor- 
rect  reduction  of  the   motion,    and  means  are   pro- 
vided for   conveniently  connecting   and  disconnect- 
ing   them  when  taking  cards. 

The    shaft   governor  which   is   used  to 
control   all   of  the   engines,    both  single   valve 
and  corliss   types,    is  \iniversally  recognised   as 
being  the   most   simple   and   efficient    governer   ev- 
er built, 
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The   speed  is  raised   or   lov;ered  by  chang- 
ing  the   tansion  of  the   spring.    The   sensitiveness 
is    controlled  by  moving  the    link  which   con^^ects 
the  weight   and  the    ecG<^ntric,    in  or   out    al  jng  a 
row  of  holes   provided  for  that  purpose.   Moving- 
it    in  tov;rirds   the    shaft   increases   the   sensitive- 
nes.£.    These   two    simple   adjustments,    one   controll- 
ing the    speed  and  the   other   the  regulation,    are 
positive  in  their   action,    very   easily  made  and 
when  made   are   permanent. 

This   governor    is  exceptionally  ■'.veil  a- 
dapted  to  engines   driv'ng  alternating  current  gen- 
erators  in  parallel.    This    governor    has   little  fric- 
tion and  that   little    is    of  uniform  character  .mak- 
ing it   possible   to    throw  one    engine    in  parallel 
with  the   other  by  use   of  the    throttle.   17ith  this 
type   of   governor   the    engines   are   so    easily  thrown 
in  parallel  that   no  speed   changing  devices   for  syn- 
chronising are  needed. 

The   steam  valves   are   of  the   corliss   type 
double   or    triple   _orted,    according  to   the   size    of 
the   cylinder.   The   design  is   such   that    the  support- 
ing area  is   constant   for   any  position  of  the   valve 

.37. 


and   on  account    of  the   resulting   elimination  of 
wear  these  valves  remain  tight   for   a  long'  peri- 
od  of  years. 

The  Armstrong  hon-detaching  salve   gear 
hy  positive   action  gives  the   valves  the   ss-me  move- 
ment  as  the   drop   ctit-off  gear    does  by  picking  up 
and  dropping  them.    It    opens   and  clos;"S   the   valve 
at   the  proper   time   and  in  the    remainder   of  the 
time,    or    over   half  a  revolution,    it   holds   the 
valve   still  but   doesnot   let   go   of   it.   The    valves 
re(;uire  but   a  small  movement    to  open  them  and  the 
compression  helps   to  balance  them  at   that    instant . 
They  are  balanced  during  the  ti;.  e  they   are   open  by 
reason  of   the   pressure  being  the    same   in  the  steam 
chest   and  the    cylinder. 

They  are   also   nearly  balanced  while 
closing,    providing  they  are   closed  c^uickly   before 
the  steam  expands  to   a  much   1  iwer   pressure.    Then 
for  over   half  of  the  revolution  the  valve    is   very 
much  unbalanced  aM   it    is  necessary   for    durability 
and  tightness,   as  well  as   for  the  most   satisfactory 
operation,    Ihat   the  valve  remain  motionless   during 
this  per  iod, 
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The    requirements   for   an  ideal  g-ear   for 
engines   of  this   class   are  V' ry    exacting  and   dif- 
ficult attainment.    This  valve  £jear   fulfills   them, 
and  not   only  gives  the  valves   the  motion  necess- 
ary for  the  greatest   durability   and   continued 
tightness,  hut    also  makes  possible   the   use    of  the 
best   type   of  valves,    as  previoiisly  explained. 

The   gear   is    enclosed  in  a  tight   case, 
which  is  partly  filled  with  oil.    'I'he    shafts   and 
pins  are   of   iiardened  steel,    ground  perfectly  tr  e 
and  smooth.    The  bearings  are    of  hard  phosphor- 
bronze.  All  parts   are   int erchangable    and  cheap- 
ly renewable,   and  the  v.iaole   construction  is   of 
the   highest   grade.   The   design  is    such  that   all 
stresses   are   central  with  the   members,    and  there 
are   no   twisting     stresses  to    disturb  the   align- 
ment   of  the   bearings. 

The   exhaust  valves   close   off  the   ports 
on  both  sides   of  the  valve   and   so   reduce  the  clear- 
ance  space.   2?he  design   is    such  that   there    is   t/ie 
least  possible  wear  and  no  tendency  whatever   to 
wear   in  such  a  way  as   to  make   them  leaky. 

All  the   Corliss    engines   are   supplied 
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with  relief  valves  built    into   the   cylinders   in 
such  a  way  as  not   to   affect   the   clearance.    These 
valves   are   unusually  large   and   afford  all  the 
protection  that    it    is   possible    to    obtain  by  this 
means. 

For    economy,    regulation,    durability 
and  fine  running  qualities,    these   engines  nark 
the    very  highest   standard  of  excellance.    ■L'hey 
have   given  ample  evidence   of  their    superior  a- 
bility  to   meet   the  demands   of  the  most   exacting 
grades   of  service. 

STEAM  TURBIUES. 

Within  the   last   few  years  the  use  of 
the   steam  turbine  has   increased  rapidly,   Miich   of 
the  auxiliary  apparatus   installed  in  pov.er  plants 
ia  adaptable  to  direct   driving  by   steam  turbines, 
particularly  centrifugal  boiler   feed  pumps, circu- 
lating pumps,    hot  well  piimps,    centrifugal  blov/ers 
for   forced   draft,    centrifugal  air  compressors, etc , 
Centrifugal   and   high  speed  rotative   vacuum  pumps 
are   coming  into   use   and  by  means   of   gears, belts 
or  ropes  the  turbine   can  be  adapted  for  driving 
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slow  speed  induced-draft  fans,  stojtkers,  coal  and 
ash  coif^eyors,  reciprocating  air  pumps,  and  simil- 
ar  equipment. 

Whenever  apparatus   cam  "be   directly   driv- 
en,  the   steam   turbine   is   unrivalled,    and   in  con- 
trast  to  the   ending,    maintaines   a  good   steam  econ- 
omy indefinitely.    It   is   simple    and   compact,    and 
few  wearing  parts   are   readily   accessible    for  re- 
pair.  Little   attention  is  required   other  than   to 
see   that   the  bearing  reservoirs   are   kept   filled 
wit  h  oil. 

For  close  speed  regulation  the   tu,bine 
is  unexcelled.   Overloads   are   carried  without  stress 
or  harm  to  the   turbine. 

NOW  because   of  the    recent   development 
of  the   turbine  as   a   sov<rce   of  direct   motive   power 
and  its  wide   application  in  the   steam  power   plant, 
it    is    quite   essential   that   the  tm-bine   be   part   of 
the    equipment   in  a  modern  steam  engineeriiig   labor- 
atory. 

Two  types  of  steam  tiurbines  are  list- 
ed on  the  following  few  pages  and  a  brief  stimmary 
of  tlae    important    specifications   are  given  for  ecch. 
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SPECIFICATIOUS   OF  CLASS   "C'DE  LAVAL 
7EL0QITY-3TAGE   TUI3II1L . 

The   class   "C"    tiibine    is  designed  for 
direct   connection  to  centrifug;.;.!  pumps    and  blov;- 
ers,    small  alternating   or   direct-current   genera- 
tors,   centrifugal   air   compressors   and   other   mod- 
erate  or  high  speed  machinery. 

It    is   peculiarly  fitted  to    operate  with 
high  pressure    steam  exhausting  to  atmosphere    or 
against  back  pressure   or  with  low   pressure    steam 
exhausting   to   condenser,  hut    it    is   also  built    to 
operate  with  high  pressure   steam  when  exhausting 
to  condenser   and  as   a  mixed-flow  turiine   receiv- 
ing both  high   and  lov    pressure   steam  and   exhaust- 
ing  to   condenser.  Also   especially  designed  to    se- 
cure  simplicity,    accessibilit  y,  reliability  and 
safety.   All   interior   parts   ai-e    accessible   upon 
lifting  the    casing   cover   and   withovit    distxo'bing 
steam  or    exhaust   connections.  All  parts   subject 
to   wear,   such  as   nozr.les,    buckets   and   guide-vanes 
are    independently  renewable  without  necessitating 
renewal   of   larger   expensive   parts,  A  siiort, thick 
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shaft   ia   used  to   prevent   vibration  and  the  v/heela 
are    surroiinded  by   an   impenetrable   steel   armor  .The 
wheels  together  v/ith  the  manner   of   attaching  the 
buckets,    form  a  most   important   element   in  turbine 
design. 

The   v/heels   of  De  Laval  class  "G"    tur-ines 
are    forged  steel  disks,    finished  and  polished  on 
all  surfaces   and  designed  to    withstand   safely  rota- 
tive  speeds   far    in  e:;eess    of  the   normal  speed   of 
the    tui'bine.   Ihey   are    cantered  on  the  shaft  by 
ground  disks   and  are  secured  by  Vv'oodruff  keys. 

Aside   from  shaft   bearings   and  valves, the 
only  parts   of  the  class   "C"    turbine   that   are    sub- 
ject to   wear  are   the  buckets  and  gtiide  vanes. The 
prevention  of  wear   of  such  parts    is   largely  a  mat- 
ter of  supplying  dry  steam  and   of  using  proper  ma- 
terials having   suitable   finish. 

The   buckets   of  De  Laval  class   "0"    tur- 
bines are   made   of  nickel-broniie  by  this   process 
and  are    secured  to   the   rim  of   the  wheel  by  bulb 
shanks   inserted   into    slots   milled  trtiisversely 
to  the  plane   of   the   v/heel  a  node   of  attachment 
which  develops   the  full   strength  of  the   bucket 
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Mclhod  of  faslcnniii  De  Laval  Buckets  in  run 
uf  Tiiibine  Wheel. 


and  at   the    same   time   i^ermits   removing   or  replac- 
ing  individual  "buckets  without   distiirhing  others. 
The  buckets  are   not  riveted  to  a  shrotid  ring  nor 
are   they  pinned  or    riveted   in  the   rim  of  the 
\7heel   itself,   '■^he    driving  fit  used   for   holding 
the  bulb   shanks  makes  the   replacement    of  buckets 
a  simple   raatter,    without   danger   or  distortion  or 
unbalancing  of  the   wheel.    This   resiilt    depends  tip- 
on  careful  and  exact  work  in  the    formation  of  the 
bulb  and  of   the    slot,    and  the    only  excuse   for  riv- 
eting bulb   shanks   in  the   wheel  rira  is    inaccurate 
work  in  machining  the    parts,      '■^^he   shape   of  these 
buckets  utilitizes   the   full  cross   section  of  the 
material   for   resisting   centrifugal   force   by   ten- 
sion and   is  to  be   preferred  to  all  methods   in 
which   parts   of   the  buckets   or   rim  are    sui:ieeted 
to    bending  stresses.  ^ 

The  bucket  tip  has   front   and  rear 
projections  which  touch  the   adjacent   buckets, 
forming  a  continuous   rira  which  serves   to   retain 
the  steam   jet   and  prevent   spilling,    reduces   the 
fan  action  of  the  buckets   and  prevents  movement 
or  vibration  of  the   individual  buckets. 

.44. 


A  separate  wheel   is   provided  for  each 
row  of  buckets   in  order   to   avoid  straining  the 
disks   by  a  vade,  over  hung  rim,   'i^he   several  wheels 
carrying  the   individual  rov;s   of  bu?r'eket5  are   placed 
close  together,    beir^g    space:    by  a  collar   on  the 
shaft   and  held   in  place  by  a  lock  nut. 

The  method  of   governing  adopted  in  the 
De  Laval  class   "C"    turbine   is  by  throttling, v:ith 
auxiliary  hand   control  and   gives   the   maximum  e- 
conomy,    while   at   xhe   same    tine  retaining  simplic- 
ity. 

Three  types   of   speed  governors  are  used 
according  to  the    si^.e   and  speed   of  the  turbine 
and  character   of  the    Iriven  mcichine. 

The   simplest    in  construction  is   the   slialt 
governor,    consisting  of  two  weights  mounted  upon  a 
governor  head,    both  weights   and  head  being   cut    from 
solid  pieces   of  steel.   The    weights  are   hinged  on 
hardened  knife   edges   and  require  no   lubrication. 
The   governor   weights   in  moving   outv/ard  press   on  a 
spindle,    pushing  the    latter    outward  and    compress- 
ing    a  spring,   'i'his   spindle  in  turn  operates   the 
throttle  valve   through  which   steam  is  admitted  to 


.45. 


iectu,,,  of  De  Lazal  hlc.ublc  Coupling.     Tins  coupl.n,  ,s  used  bct:.een  all 

Turbmes  and  Driven  Machines,  and  between   the  Lar  and  ft,       l 

to  whieh  the  Gear  is  eonnected  ""'  ""    """'""^'-.v 


the   steam  chest   of  the   turhine .   The   valve   is 
of  the   'balanced,  double    seated.muBhroom  type, 
carefully  adjusted  to  remain  tight   and  balanced 
under  all  steam  conditions,   7/here   superheated 
steam  is   employed,   the   valve  and   seats  are  made 
of  steel   or   nickel  composition. 

In  no   prime  mover   is    it    safe    or   good 
practice   to  depend  upon  a  single    governin^    de- 
vice. All  De  Laval  class   "C"    turbines  have  a 
second   speed  limiting  device   or  emergency  gov- 
ernor.   I'his   consists   of  a  radial  bolt   set   in  a 
disk  and  under   centrifugal  force,   acting  against 
a  strong  spiral  spring,   when    a  predetermined 
speed   is   exceeded  this   bolt  vdll  project   and 
strike  a  small  lever,    tripping  a  mechanism  which 
i:  mediately  closes   a  biitterfly  valve   in  the   steam 
inlet   opening.   This   Emergency   governor  and  valve 
are    entirely   independent    of  the    speed  governor 
and  governor  valve   and   come   into    action  whenever 
a  certain  speed   is    exceeded,    regardless   of  the 
action  of  the   speed  governor. 

For    coiiiiecting  the   tnrbine   shaft   to 
that    of  the    driven  machine,   the  De  Laval  ftejdble 
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coupling   is  used,    consisting  of  twoforged  steel 
disks   ground  and  polished  on  all  siurf aces, the 
driving  half  being   fitted  v/ith  a  number   of  ri^nid 
studs  which   project   into    corresponding  holes   in 
the   driven  half  of  the    coupling,    'i^he    torque   is 
transmitted   through  steel   lined  rubber   bushi:igs, 
v;hich   allow   for   small  defects   in  alipiunent   and 
supply  the  necessary  flexibility  to   prevent   strains 
upon  the   shaft   or  bearings.    The    couplings   can  be 
disconnected  quickly  after   T?jhich    either    shaft  raay 
be  removed  without   disturbing  the   other.  Each 
half  coupling  is  mounted   on  a  taper,   being  pre- 
vented from  turning  by   ,,'oodruff  keys   and   is   se- 
cured  in  place  by  lock  nuts. 

SPECIFICATIONS   OF    THE  KERR   EGOilOIvO- 
TYPE   "K"    STEALI  TURBIIffi. 

The  type  "K"    steam  ttirbine   is   of  the 
single   velocity   stage.   One   set    of   no.':2;les,txiree 
rows   of  revolving  buckets   and  two   rows   of  station- 
ary  buckets   constitute  the   entire    nozzling   and 
bucketing  of  the    t turbine. 
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steam  is  admitted  to  the   tiu-bine   through 
a  double   seated  balanced  governor  valve.  Expan- 
sion then  takes  place   in  nozzles  reamed   in  a  noz- 
zle  ring  casting.   'Ihis  expansion  resulting    in  a 
velocity  sufficient   to  carry  the  steam  through 
the   revolving  stationary  buckets   to  the   tiurbine 
exhaust . 

The  rotor   is   made  up   of  a  steel  shaft 
upon  which  are   mounted  three  bucket   disks   and 
governor    connections. 

The   bucket   disks  which  are   made   of  a 
high  grade   steel  are   accurately  bored  and  shrunk 
on  the   shaft,    the    shrink  fit   beixig   such  as   to 
positively  assure   the  disks  being   tight   on  the 
shaft  when  operating  at    50'/o  over   speed.     Each 
bucket   disk  is   drilled  and  slotted  to  receive 
the    shanlrs   of  the   b::ckets. 

The   revolving   buckets     are   drop-for^red 
from  nicket    steel   of  the    best    qu-  lity  obtainable 
for   the   purpose   and  are    of   snape  that   has   given 
the    highest   efficiency.   'I'he   hard   oxidized  skin 
of  the   metal   in  this   drop-forged   bucket    is   not 
subject   to   erosive   action  and  rust    from  the  steam 
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and  for  this  reason  is  far   superior  to   any  buck- 
et  depending  upon  machined  surfaces.    I'he    bucket 
shanlcs  are   inserted   inthe  rim  of  the   bucket    disk 
and  riveted,    so  that    the   buckets   cannot   work 
loose  with  this   conttruction. 

The   stationary  buckets   are   made   of 
a  special  extruded  bron::e.   The  bucket    shc.nks   are 
inserted   into    a  dove-tailed  channel   in  the   cast 
iron  intermediate  holder    and  are  properly  spaced 
by  means   of  dove-tailed  distance   pieces. 

The  governor  is  of  the  S'pring  Ijaded 
centrifugal  type  consisting  of  semi -annular  v:ei^hts 
mounted  directly  On  the  sha 't,  and  acting  through 
suitable  connections  upon  the  steam  valve  stem. 
The  parts  are  enclosed  by  a  cast  iron  casing,  the 
upper  half  of  wrdch  can  be  readily  removed  to  al- 
low  inspection  of  the    governor   parts. 

Leakage   of   steam  along  the    shaft   at 
the   steam  and  exhaust   ends   is   prevented  by  carbon 
rings  having-   a  few  thousandths   running  clearance 
on  the    shaft   and  ample    radial  clearance   in  the 
packing  cases.   The   carbon  rings   are   held   in  place 
and  prevented  from  rotating  Ly   annular   springs 
and  stops. 

.49. 


msi-riuig    and        \  \^~\  \  --;  |  --;  |   --.|  -->  |  '-;\ 


lio/diiii;  blad,\ 


Fig.  J — Section  through  Disk. 


Fig.  s—Disk  :i'ith   Buctcts 


SILIPLE  EWGIlffiS. 

This   equipment    is   to    consis^of  fotir 
types   of   engines,   namely  a  vertical  piston  valve 
engine  .marine   engine,    non-releasing  corliss   en- 
gine  and  horizontal  piston  valve   engine.   They 
are   to  be  used   as   a  means   of  studying   the   con- 
struction and  operation  of  steam  engines   and 
have   therefore  been   selected  for   their   simplic- 
ity and  arrangement    of  valve   control. 

The  specifications  of  the  engines  hav- 
ing these  requirements  are  given  in  brief  on  the 
next   few  pages. 

SPECIFIC:.TIOIJS  OF  Ball  HORIZOiraAI 
LOCK  RlilG   ViiLVy.  EITGIBE . 

The   tendency   toward  greater   efficien- 
cy  in  the  power  plant  has  brought  into   use   high 
pressures   and   superheat   which  were  rarely  met 
with  a  decade  ago.   To  meet   these   conditions  the 
ball  lock  ring  valve  was   desif^ned.    It    is   perfect- 
ly balanced  and   of   such  form  that    it  v;ill  not 
warp  under  high  pressures   and  temperatiires. 
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By  referring   to   the   illustration  it   v/ill 
be  noted  that    the  valve   consists    of   a  Y/ide    outer 
and  a  wide    inner   ring,    tv;o    lock  rings   and  two 
s-oring:  rings.   The   steam  and  the    exhaust   lock  rirgs 
are   made   of   steel   to    avoid  breakage.    The  v/ide   in- 
ner  and  oiiter  rings   are   made   of  close   grained  cast 
iron  having   exceptionally  good   v/earing  qualities. 
The   spring  rings   are   made   of  tempered   steel   and 
are    arranged  to   give   the    inner   and   outer  rings 
an  outward  pressure  which   is  uniform  over   the   en- 
tire  circumference,    i'he    exp  nsion  of  these   soring 
rings   is    sufficient    to   automatically  take  no  all 
the   wear  that   naturally   occurs   during   several  jears 
of  s  rvice. 

The   central  portion  of  the   valve    is   made 
to    fit   the    sleeve  which  forms  the   valve   seat   and 
makes   an  ideal  guide,    with  lar^e  wearing   surface, 
carrying  the   ^veight    of  the  valve   and   preventing 
wear   on  the    rings.   I'he    effect    of  this   featiire  -is 
to   add  aany  years  to   the   life   of  the   valve. 

It  will  be   noted  from  the  general  view  of 
valve   and   cylinder   that   the  bushings  which  form 
the  valve   see.t    do  not    come    together  at   the    center. 
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Into   the   recess   formed  at    this   point    the    cylinder 
oil   is    fed  by  a  forced   feed  lubricator.    The   Oil 
is   forced  between  the    bushings    and  central   por- 
tion    of  the   valve,   lubricatinj^-  it    thoroughly  and 
is  then  picked  up   in  a  finely   divided   condition 
and  pa.  ses   with  the    steam  over   the   valve   rings   in- 
to the    cylinder. 

The    exhaust   edges  are   at   the  outer  ends 
of  the   valve,    so   that  the  valve   stem  stuffing  box 
must   be   packed  only  against   the   exhaust  pressure, 
instead  of  against   full  steam  ores  vxc   as   is   nec- 
essary with  most    other   forms   of  valve. 

Neat    and   substantial  reducing  notions 
for  taking  indicator   cards  are    provided  v;ith  these 
engines,   when  ordered,    They   are    so    designed  that 
it    is   not    necessary  to  leave   off  the   side   plates 
on  the   fengine  when  using   then,    '^'hey  give   a  correct 
reduction  of  the  motion  and  means  are   "provided  for 
conveniently  connecting  and   disconnecting  them  when 
taking  cards, 

The  shaft  governor  is  used  to  control 
this  t;. pe  of  engine  and  is  universally  recognized 
as  being  the  most   simple    and  efficient    governor    ev- 
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Uuraerous  tests   on  the   ball  lock  rinr- 
valve   engine  have   sh.ov;n  iintisual   steam  econornj^  for 
a  machine   of  the    single  valve  type.    '-Jl-'his    is   due   to 
the   perfect   tightness   of  the  valve,    the   steara   jack- 
eted cylinder   heads,    efficient   cylinder   lubrication 
and   a  reduction  of  heat   transference   and  radiation 
losses  made   possible  by  the   dCvSign   of   the    cylinder. 

The  i'lening  Harrisbui'g  engine   -hich   is 
no\7  operating  in  the   pov/er  plant   at   the  -armour    In- 
stitute  is   to  be   used  as   a  non-releasing  corliss 
engine . 

SPECIj^IGaTIOES   Off  WAGH3   TYPE  E 
7ERTICAL   CEIJTEH  CRAUK  EITGIIE. 

The   frame   is    of  the   vertical  center 
crank  type  having  the   crosshead  guides,    v;hich  are 
of  the   bored  type,    cast    in  same,   l^he    frame    is   of 
box  form  and   of  large   proportion,    having   approxi- 
mately straiglit    sides. 

An  oil  reservoir  of  large  capacity  is 
fitted  into  the  upper  end  of  the  frame;  thie  re- 
ceives  oil   from  the   circulating  pump,    noted  later. 
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The   cylinder   and   steam  ohest   are   cast 
Integral,    of  cast   iron.    The   cylinder    is   arranged 
for  a  piston  valve,    the   bore    of  wliich  is   accurate- 
ly machined   and   coiinter bored  above   and  below  the 
extremes   of  valve  travel,    so   that   the   valve    over- 
travels   its   coiinterbor es.    'i'he    valve   bore    is   locat- 
ed as   close   to  the    cylinder   bore   as  possible,    so 
that   the  ports   and   passages   betv/een  are    of  mini- 
mum clearance  voliime   and  steam  friction.    The    tlirot- 
tling  governor   is  attahhed  directly;    to  the   steam 
chest   and  an  exhtaist   companion  flange   is   furnished. 

The  piston  is    of  box  form,   but    is   made 
as   light   as   possible,    consistent  with  ample  strength 
and  f itte  ■'   v/ith  tv/o   snap  piston  rings. 

The   valve   is    of   the   piston  type  and  is 
made    of  semi-steel.    It   is   accurately  groind  to  sixe 

and  further  lapped  to  a  steam  tight  joint  in  its 
bore,  ^team  and  e:- haust  edges  are  accurately  fin- 
ished and   sharply  defined. 

The    lubrication  for  all  reciprocs-ting  or 
rotating   parts,    except   the    piston  and  valve    is   en- 
tirely automatic.    It   starts  at   the   first   revolu- 
tion of  the  engine   and    continues   automatically  un- 
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til  the  enciine    comes   to  rest.    It    is  of   the   gravity- 
type    and  coraijrises  a  valveless  rotary  positive 
pLinip,    which    is    submerged  in  oil  in  the   engine   base. 
This  pump   is  mounted   on  a  bracket   attached  to   the 
engine   frame   and  is  positively  driven  by  means    of 
a  spiral   gear  attached  to  the   crank  shaft   of   the 
engine.     Lubrication  for  the  cylinder   and  valve 
is   provided  by  a  hydrostatic,    sight   feed   cylinder 
lubricator   of  large   capacity. 

Each  engine    is    furnished  with  a  Gard- 
ener v;ide  range  throttling  governor,    governor  belt, 
hydrostatic   sight   feed  cylinder  lubricator,    re- 
grinding  throttle   valve,    oil  gauge  with  drain, cyl- 
inder drain  valves   and  operating  wrenches. 

THE  STEAll  CALORIIviETER. 

Before   the  recent    improvements, bar- 
rel or  tank  caloriineters  have  been  exclusively  used' 
These  instruments,   however  to   give  results,   accur- 
ate within  one-half  percent,   require  errors   in  tem- 
perature  to   be   less  than  one-sixth  degree  and  er- 
rors  in  weighing  to  be   les>3  than  one-tv/entieth  of 
a  pound.      Such  measurements  being   impossible  to 
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make,  the  results  obtained  were  very  irregular 
and  uncertain,  and  in  fact  in  many  cases  posi- 
tively misleading, 

V/ith   the    improved  calorimeters,   uni- 
form and  acGuxate   determinations   of  the  amount 
of  moisture   can  be  made  without   any  special   skill 
on  the   part   of   the  operator,   '-'■^he    instruments  are 
small,    readily  trans oorted  and   involve  no   compli- 
cated calculations  to   secure    accurate   results. 

The    throttling  calorimeter  serves   for 
determining  the    amouiit    of  moisture    contained   in 
satui-ated  steam.    It   consists  essentially   of  a  small 
vessel  of  about    3   inches   in  diameter,   to   which 
steam  is   Hupplied  through  a  tapering   or   converging 
orifice,    and  which  contains   in  its   center    a  very 
deep  cup,    into  which   a  thermometer   can  be    inserted 
for   obtaining  the   temperature    of  the    steam  in  the 
calorimeter.    The   instrument    is    furnished  with   a 
small  lever  handle  cock,    to   which  a  U-tube  mercury 
gauge   is  to  be   attached  for   indicating  the   pressure 
in  the   interior.   The   exhaiist   stear::  is   discharged 
from  the   lower  part   of  the  calorimeter  and  need 
not  be   condensed.    It  may  be   conducted  away   in  a 

.56. 
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liose   or  pipe,    or  permitted  to   escape   into   the 
atmosphere,    as   convenient.   As   shovm   in  section- 
al view  of  the  calorimet  r   attached  and  ready  for 
use,    a  globe  valve   serving   for  turning  on  and  shut- 
ting  off  the   supply  to   the   instrument   proper,    con- 
nects  to  the   collecting  nipple  which   is  screwed  in- 
to the  main  ateam  pipe. 

While   in  the  throttling   type    of  calorim- 
eter  the    amount    of  water   contained   in  steam  is  de- 
termined by  measurement    of   the  heat,    'i'he  separat- 
ing calorimeter    is   designed  to   show  the    percentage 
of    water  by  mechanical   separation  of  the  water  from 
the   steam. 

The   separating  calorimeter   consists   es- 
sentially  of  two  vessels,    one  being   interior  to 
the   other,    the   outer  vessel   surrounds   the    interi- 
or  one    so  as   to   leave   a  space  which  answers   for   a 
steam  jacket.    The    interior  vessel   is   i^rovided  with 
a  wat :r   gauge-glass   and  a  graduated   scale.   The 
sample    of   steam  the   quality   of  which  is   to   be   de- 
termined  is   supplied  through  the   pipe    into  the  up- 
per portion  of  the   interior  vessel,   'i^he   water   in 
the    steam  is   throvm  downward   into    the   cup  together 
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with  more    or   leas   of  the   steam,    the  coxirse   of 
the   steam  and  water   isthen  changed  through  an 
angle   of  nearly  180  degrees,   which  causes  the 
greater  weight   of  water  to   he   thrown  outward 
through  the   meshes   in  the   cup   into  the   space 
below  in  the   inner  chamber,   '-^he   cup  serves  to 
prevent   the   current    of   steam  from  taking  xip 
any  moisture  which  has  already  been  thrown  out 
by  the   force   of   inertia.   The   meshes   or   fins   pro- 
ject upward   into   the   cxip,    so   that   any  water    in- 
tercepted will  dip   into  the   chamber,   the   steam 
then  passes  upward  and  enters  the   tojj   of  the 
outside   chamber.    It    is   discharged  from  the    out- 
side chamber  through  an  orifice    of  kiiov/n  area, 
in  the   bottom  part,    vihich   is  much   smaller   than 
any  section  of  the  passages    through  the    calorim- 
eter,   so    that    the   steam  in  the   outer   chamber  suf- 
fers  no   sensible  reduction  in  pressure    by  pass- 
ing throxigh  the   calorimeter.    The   pressure    in  the 
outer  chamber  being  the   sane    as   in  the   interior, 
has   the   same  temperature    and  consequently  no  loss 
by  radiation  can  take   place  from  the    interior 
chamber  except   that  which   takes   place   from  the 
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exposed  surface   of  the   gauge-glass   and  which  is 
so   slight   as  to  be  neglible. 

The   pressure   in  the    outer   chamber   and 
also  the   flow  of   steam  in  a  given   time   is    shov/n 
by  suitably   engraved  scales    on  the   attached  gauge. 
This   scale   for   shov/ing  the    flov;   of  steam  is  the 
outer    one    on  the    gau-ge.    It    is   graduated  by  ti'ial 
aM    indicates  the  weight   of   steam  discharged  in 
ten  minutes    of  time. 

DYHAMOIvIETERS. 

Heretofore   nothing  has  been  said  as 
to  the  means  for    measuring   the   power    of  the   va- 
rioiis  Tinit  s   in  the    laboratory.      In  making  exper- 
imental tests   on  these   units   it   will  be  necess- 
ary to   have   some    form  of  power   measuring   instru- 
ment   connected  with  each   of  them. 

Ijow  there    are  two-  kinds   of  power  meas- 
uring  instruments   or  dynamometers  as   they  are 
more   generally  called.   They  are   namely,    those 
absorbing  by   friction  the   pov/er   they   measure  and 
dissipating   it    in  the    form   of  heat,    called   ab- 
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sorption  dynamometers,    and  those  transmitting  or 
passing  on  the   power   and  wasting  only  a  small 
proportion  of   it    in  friction,   called  transmission 
dyiiamometers  • 

The   distinctive  utility  of  the    absorp- 
tion dynamometer   as  compared  with  that   of  the  trans- 
mission dynamometer    is    readily  m.^nifest    since  the 
one  meastires   power  developed  v/hereas  the    other 
measures  power   used.    In  very  rare   instances   it    is 
possible   to    utilize   the  power   developed  by  a  prime 
mover    on  the  test   floor,    in  which  case  the   trans- 
mission dynamometer   can  be  economically  used,    but 
in  most   all  cases   it    is   necessary  to   destroy  the 
power  developed  at  the   same  time   that    it    is   measured 
and  for   such  tests   the   absorption  dynamometer    is   a 
necessity. 

Since  the  transmission  dynamometer  v:ill 
have  so  little  application  in  the  steam  laboratory, 
it  will  be  entirely  omitted  and  the  absorption  type 
of  dynamometer  will  be  the  only  one  considered.  The 
three  kinds  of  absorption  dynamometers  to  be  used  in 
connection  with  the  various  units  in  the  laboratory 
are,   namely  the   Froude   dynamometer,    of  the  hydravil- 
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ics  friction  type;  the  Sprague  electric  dynamom- 
eter; and  the  well  knov/n  Prony  brake  dynamometer 
of  the    solid  friction  type. 

The  "J'roude   and  the   Sprague"    dynamom- 
eters will   only  be  used   on  the  turbines   and  high 
speed  engines   and  the   Prony  brake   dynamometer  be- 
ing applied  to   all  the   other   engines. 

JROUDE  HYDEAULIC   j'RIGTIOa  DYIIiil  lOlffi  TEH  . 

The  Froude  dynamometer,   whether   it  be 
employed  for   determining  the    exact   capacity   of  a 
rotary  prime   mover   at   one   or  more   different  speeds, 
or  as   an  instrument    in  testing  development   v/ork, 
and  whether   it  be  emplpyed  continuously   or   inter- 
mittently,   has   proved  itself  where    and  whenever 
employed,  as   a  machine   of  general   conunercial  util- 
ity,   and  has   nujiaberous   advantages. 

Attention  is   drav/n  to  the  most   out- 
standing of  these  advantages.   Of  first    importance 
is  the   accuracy   of  the   Proude   dynanionetr-r   v;hich  is 
scientifically  absolute.   Of  the   entire  reaction 
produced  by  the  machine   during  its   operation, al- 
most  the  whole   is  hydraulic,    so  that,   at   starting, 
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this  resistance    is  almost   negligitile,  but  v/ith  in- 
crease  of  speed  the   resistance   is   rapidly   increased. 
The    capacity  range   is   large  with   all  sizes   an  i  types 
of  machine,    and  with  many   of   them  the   maximum  cap- 
acity  is    one  hundred  times  greater  than  the   rainuraum 
at   the   same   speed,   'i-'his    large   range   of  capacity   is 
of  particular   advantage   in  that   one   prime  mover  &nd 
may  "be   tested  by  the   same   dynamometer   at   many  dif- 
ferent   spee-s.   Compared  with  the   total  power  capac- 
ity of  anj  size   dynamometer   the    inertia  of  the  ro- 
tar  is   very  slight,    anil  there   is   therefore   no   dan- 
ger of  wrecking  any  part   of  the   prime  mover   should 
its   operation  be   suddenly   shut   down  v/hile   connected 
to  the   dynamometer.  During   operation  the   dyntimomet  ..r 
produces  no  noise,    and  this  advantage   of   silent    op- 
eration is   obvious  when  the   import tmce   of  beiiog   able 
to  hear  usual   noises   in  the  prime  mover  on  test    is 
considered.      The   load  transmitted  to   the   Froude   dyn- 
amometer  can   be   altered  v/he never  desired  without 
shutting  do\-fli,    and  the   process   of  shutting  dovm  can 
be  accomplished  quickly  v/ithout   attention  being  giv- 
en to  the  dynamometer    in  any  waj''.   Due   to  the   lack 
of  necessity   of  giving   anything  more   than   cursory 
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attention  to  the  "ITroude   dynamometer  while   it    is 
in  operation,    this   machine    is   particularly  suit- 
able  for  service   in  connection  with  long  non-stop 
tests   at   either   full  or   partial  loads.    3till   an- 
other advantage   of  importance   is  the   fact  that 
the'Froude   d^-naraometer   im^ooses  a  pure   torq.ue  re- 
sistance  to  the   priiae  mover   on  test  and  tlierefore 
subjects  the   engine   bearings  to  no  resistance   frr 
which  they  are   not    designed.      These   several  ad- 
vantages  of  the  i'roude  dynamometer   talcen  together 
with  the  many  others  which  it   possesses  renders 
it    operation  a  natter   of   siich  extreme   sijaplicity , 
perfect   accuracy,    and  absolute   reliability   as  to 
make    it  very  desirable    in  the   laboratory. 

SPEAGUE  ELECT:.IC   ABrfORPT  lOH  DYNAHOIIETIlH  . 

THe   electrical  dynamometer   is  a  very  con- 
venient  type   to   use   and  consists   of  an  electric 
generator  directly  coupled  to    the   ;^:haft   of  the 
prime  mover   to  be   tested.    It   rei^uires   no  measiir- 
ing  instruments  whatever,    e;ccept    a  speed  counter, 
no   involved  calculations   and  no   skilled  attend- 
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ance.    It   ren^.ers  possible   quick,    easy  and  accur- 
ate measurements   of  pover    over   a  very  wide  range 
of   speeds   and  loads,    i'he '  oprague 'electric   dyna- 
mometer  has   an  almost   unlimited  field   of   appli- 
cation and  the   load  may  be   held  steadily  at   any 
desired  point    for   an  indefinite   length   of  time. 
The   resistance    in  the   rheostat    is   so  Uiiclianging 
that   an   engine   can  run  the   d^^namoraeter   for  hours 
at   a  time   v.'ith  the  scale  beam  "floating"    in  per- 
fect  balance  between  its  upper   and  lower    stops. 
The   djmamometer    can  be  used  as   a  motor,    it   can 
return  the  pov/er    generated  under   certain  con  i- 
t  i  ons . 

These   several   a^lvantages   of  the '"Spr ague 
electric   dynaraometer    together  7;ith  many   others 
which   it   passes,    renders   its   service    in  the   labor- 
atory a  vital  necessity. 

"PROirZ  BBA](7.  ABSORPTION  DYllM'IOIvIETEH . 

Tlie"Prony  brake   dynamometer    is  an  ab- 
sorption dynamometer    of  the   so^-id  friction  type, 
where    in  ropes   or  wooden  blocks   are   applied  to 
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a  flyr/heel,    and  the   tendencj-   of  the  brake  with 
the   flyv/heels  rotation  is   resisted  by  weights 
attached  to  a   lever  am.   A  systera  of  oircnlating 
water   is   used  to   dissipate  the   heat   generated. 

This  type   of  dj^namometer ,   v/hen  in  good 
condition  and  when  given  the   require •    constant 
attention  during   operation  is  fairly  accurate 
and  sensitive  within  limits,    and   is   quite   con- 
venient. But   the   great   advantage   in  this   type   of 
dynamometer    is   in  its   simple   construction  and  ap- 
plication to   low  speed  prine  movers, 

BLAEE-iaJOV^uEa   COIJDEHSIilG  EQUIPLENT. 

The  use   of  condensing  apparatus   in  con- 
nection with  steam  engines   and  turliines   is   such 
universal  practice  and  the   principles   and  advant- 
ages  of  oprration  are    so  widely  undertook,   that 
the   laboratory  cannot   be   complete  without   them. 

A  few  of  the   advantages,    stated  sir.ply 
and  briefly  maj^  be  mentioned   for   independent   con- 
densing apparatus. 
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1.  They  will  save  fror.  20  to  30  per- 
cent in  steam  when  applied  nonsondensing  steam 
engines  or  will  give  an  increase  of  power  of  cor- 
responding amount. 

2,  They  will  qxiickly  produce  and  will 
steadily  maintain  the  highest  vaciiiim  possible, 
v.'ith  the  ]east  amoimt  of  injection  water  and  -p/ith  a 
minimum  power  to  operate  the  air  pump. 

3.  Tbey  reqiiire  no  expensive  founda- 
tions and  occupy  hut  little  floor  space.  They  can 
be  readily  attached  in  any  position  most  conven- 
ient. 

4,  Being  independently  operated,  they 
can  be  started  and  a  vacuum  formed  before  the  main 
engine  is  turned  over  (an  important  feature) ,  par- 
ticularly with  compound  engines  having  relately 
small  high  pressure  steam  cylinders.  The  speed  of 
a  pump  can  be  readily  adjusted  to  meet  the  demands 
of  the  engine,  no  matter  hovi?  variable  the  load,  an 

impossibility  with  connected  air  pumps. 

5.   They  will  run  smoothly  and  noiseless- 
ly and  are  always  accessible,  while  the  engine  is 
relieved  from  the  he^Jvy  drag  of  carrying  a  connected 
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air  pump,   which  ia   often  unnecessarily  large,    as 
the   general  practice   is   to   make   connected  air  pumps 
of  greater   capacity  than  actually  required.   Besides 
this,    repairs  to   these   connected  pumps   cannot  he 
made  until  the   engine    is  shut   down   (a  serious  disad- 
vantage). 

To   each  of  the   tiurhines  and  engines  not    in- 
cluding the   simple   engines,    are   to   be   coniiected  an 
independent   condensing  apparatus.   All   of  these  con- 
densers    are   to  he   of  the    surface   type,    and  mounted 
on  air  and  circulating  pumps.   3)hey  are  to  be  placed 
directly  underneath  and  as   close   to  the  engine    as 
possible, 

BLAKB-KN0^1£3  AUTOI.IATIC   EllHiiUST 
RELi:.VE   VALYJ.3. 

They  are  extensively  used  in  the  most  mod- 
ern power  plants  to  meet  the  demand  for  a  thoroughly 
reliable  aM  air-tight  automatic  atmospheric  relief, 
or  free  exhaust  valve.  They  allew  the  engine  or  tur- 
bine to  exhaust  instantly  into  the  atmosphere  in  ease 
of  loss  or  vacuum  due  to  accident  to  the  condensing 
apparatus,  and  are  prompt  and  noiseless  in  their  ac- 
tion, 
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A  safety  device   of  this  kind   is  needed 
in  every  steam  power   plant,   whether  the   condensers 
are   independent   or   directly  connected  to  the   engines. 
Any  condenser   is   liable   to  lose    its  vacuum  by  the 
partial  or   entire   stoppage   of  the   supply  of   injection 
water,    or  by  the    failure   of  the   air   pump   or   its   at- 
taclhrnsnts.   Under  such  conditions,   the    steam   in  ti:e 
exhaust  pipe  accumulates  pressure,   and   is   liable   to 
impede   or   stop  the   engine  before   t  proper   comjnuni- 
cationcan   be  made   to  the   atmosphere,    -^'he    exhaust 
steam  would  probably  find  relief  through  the   con- 
denser  and  pump,   but   not  without    injuring  the  valves 
and  packing  and  being  restricted   in  its  passage, it 
is   liable   to   slow  down  the   engine   and  often  cause 
a  serijus  damage. 

The   relieve-valve    is   to  be   placed   in  a 
branch  leading  from  the  main  exhaust   pipe   to  the 
atmosphere.  As   long  as   a  vacuum  is   mi  intained  in  the 
condenswr,    the   relief-valve  remains  tightly  closed, 
but   at    soon  as   the   vacuum  is   lost,   the   valve  prompt- 
ly opens   and  the   engine  exhausts   into  the   atmosphere, 
and  continues   to  run  non-condensing  until  the  vacuum 
is  restored,   when  the   valve  closes  automatically. 
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A  soecial  feature    in  the  design  of 
the  Blake-Znowles   automatic   exhaust   relief-valve 
is  the   dash   pot,   which  allows  the   valve   to   open 
and  close   q.iiietly(an   ordinary  check  valve   would 
pound  from  the    effect    of  the    engines   intermitt- 
ent  exhaust).   The    facing   of  this  valve   is   made 
of  a  special  material,   v/hich  keeps    the  valve 
tight,   but   doesnot    allov;   it   to  adhere  to  the    seat. 
It  v/ill  he   noted  that  two    steam  engines 
and  one   steam  turline   have  been  placed   on  the   ara.  - 
ing  of  the   steam  laboratory  and  have   not  been  men- 
tioned in  this  discussion.   Due  to  the   fact    that   at 
the   time    of  this  v.Titing  no   data  had  been  recei-'ed 
pertaining  to  them,    therefo-.e   no    discussion  of  them 
could  be   given. 
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PART  FIV?;. 
DE3IGH  OF   STIAM  LABORATORY. 

The   arrangeraent   and  piping  plan   of  the 
steam  laboratory  as    originally  laid   out   has  been 
revised  to  a  great   extent.   The    layout  as   final- 
ly decided  upon  will  be   found   in  the   accompany- 
ing folder    in  the  back  of  this  thesis. 

The  building  is  to  be  180  feet  long, 100 
feet  v.'ide  and  at  least  tv.'o  stories  high  includ- 
ing the  gound  floor,  '-^he  gxou_nd  floor  is  to  be 
eight  feet  high  and  the  first  floor  tv/elve  feet 
high.  This  buildii^g  is  to  contLin  the  steara  and 
hudraulics  laboratories,  otairv/ays  leading  from 
one  floor  to  the  other  have  been  placed  at  con- 
venient locations  so  as  to  make  q_uic]:  cominuni- 
c  at  ion  betv/een  thera. 

On  the    ground  floor   is  to  be   placed  the 
condensing  equipment   and   aiixiliary   apparatus.   On 
the   first    floor   is   to   be   located  the   engines     nd 
turbines . 

The   simple   engines  are   to    occupy  the 
entire   first   floor  to  the   right   of  the   crane  well. 
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This  equipment    is   to  be    operated  noncondensing. 
*Prony' brake    lynciraornet   rs   are  to  be  used   for  meas- 
uring the   power   developed  by  these   engines. 

The    other  e equipment   has  been  carefully 
arranged  on  the  mt.in  section  of  the   first   floor. 
Ample   space  has  been  allowed  around   each  unit   for 
working   facilities,     prony  brake   dync.mometere   are 
to    be  used  on  each  of   the   slow  speed  engines  ."i'rju.e 
hj^dranlic    friction  and   "aprague"    abctric   dynamomet- 
ers  are   to   be   applied  to   all   of  the  tv-rbines   and 
high   speed  engines. 

On  the    groiind  floor   is   to   be   located   in- 
dependent  condensing  eci_uipment    and  au:^:iliary  appar- 
atus  for  Bach  of  these   engines   and  turbines.      The 
piping  system  is    to  be   laid   out    so  -ttat   these   engi.^es 
and  turbines   can  be   operated  either   condejising   or 
non-condensing.    The   circulating  water   is  to  be  taken 
from  a  spray  pond  located   just    outride    of  the    uuilding 

One  atmospheric  exhatist  for  the  vclve  set- 
ting engines  is  to  extend  to  the  roof  along  the  rear 
outer  wall  of  the  buildiijg-  and  two  for  the  other  en- 
gines  and  turbines,    one   to   extend  to   the   roof  at   each 
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end   of  the    front   oxxter  v/all  of  the   building.   There 
are  to  be   tv/o    live   steam  headers   entering  the   build- 
ing at   the  left   and  extend  the   entire  length  of  the 
building  under   the  floor   of   the   main  section  of  the 
steam  laboratory,      '-^he  heads   for   the  various  ui.its 
are    to  be   taken  from  one  header    only,   She    other  head- 
er  is  to  be   used   for    emergency  and  is  to   be  tied  in 
with  the  first  at   proper   intervals,    suitable   pioing 
is   to  be  arranged  so  that   the  condensate   can  be 
pumped   into  v/eight   taxiks  and  then  to  either   the  main 
feed  v/ater  line    or  to   the   sev/er, 

A  testing  block  has  been  placed  in  the 
^team  laboratory  on  wlich  is   mounted  an  absorption 
dynamometer,    to  be  used  for   special   testing  purposes. 
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PART    SIX 
DIoCUSSIOIJ. 

When  this   problem  was  undertaken   it  v/as 
fully  realized  that   for  the    short   period  of  time 
allowed  to  this  thesis  work,    a  complete   design  of 
the   steam,  laboratory  was    impossible,   Hov;ever,    it 
was  hoped  that  ;:iore   extensive    ..ork  could  have   been 
accomplished,   but   due  to  the   fact   that    so  much  time 
was   expended   in  research  v;ork  and  in  collecting  ma- 
terial that   little  could  be    -lone    in  actual  design- 
ing.  Wow  that   the  work  has   come  to   a  close,    it    is 
well  understood,    t  lat  what   has  been  done    is  really 
only  the  beginjiing.    There   ase   many   items  of  import- 
ance  in  the  layout    of  this  laboratory,    v>hich  have 
been  given  considerable   thought    and  v/ould  have   been 
worked  out   had  time   permitted.  Among  the  Eiost    im- 
portant  of  these   is  the    diagra,mjriatic   outline   of  the 
piping  system. 

The  time  which  has   been  given  for  this 
work  has  been  spent   in  extensive    study   of  the    se- 
lection and   arrangement    of  the   equipment   in  the   lab- 
oratory, 
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It    is  hoped  that   if  at   Q.n-j  tine    in  the   fu- 
ture this   x)rolDlem  should  "be   continued   some   raate'x-- 
ial  and   ideas   can  be   obtained  from  what  has  been 
accomplished. 
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